An empiric correlation form for modeling the autocorrelation functions of the timestamp increment sequences of self-similar traffic is presented. The verifications are demonstrated with the timestamp increment sequences of the real traffic on Ethernet.
Introduction:
Experimental researches have shown that the behaviors of the traffic on local-area networks and widearea networks are well modeled by second-order selfsimilar processes. The traffic trace is denoted as x(t i ), indicating the packet counts at t i , i = 0, 1, 2, . The increment of t i below is defined as timestamp increment (TI) sequence
Clearly, s(i) is a random sequence which is different from the sequence x(t i ). To our best knowledge, we have not seen any report on discussing the autocorrelation functions of the TI sequences [1] [2] [3] [4] [5] [6] . However, from the point of view of the feature extraction, the autocorrelation function (ACF) of a TI sequence s(i) is one of the features of the traffic trace x(t i ). This feature can be used for the pattern recognition of traffic. The pattern recognition of traffic is crucial in the field of network based intrusion detection [7] . Hence, it is worth studying the method of modeling the ACFs of the TI sequences. . Hence, our goal is to find a function R(k) that fits r(k) with the constraint of M 2 (R) < 10 −3 . Based on experimental signal processing, we present the following function in the normalized case
A Correlation Form and the
where u(k) is the unit step function. The computations of the parameters β, L and m are performed iteratively based on non-linear least squares for a given r(k). The detailed analysis of (2) is not mentioned here but the verifications with real-traffic traces are given. In the following, we study the traffic traces provided in [8] (named pAug.TL, pOct.TL, Octext.TL and OctExt4.TL respectively).
We detail the procedure of modeling the ACF of s(i) for pAug.TL. The file pAug.TL contains 1 million arrivals of the trace on Ethernet started at 11:25 a.m., 29, August 1989. Fig. 1 (a) indicates the trace x(t i ) and (b) is its TI sequence s(i). Fig. 1 (c) illustrates the target ACF r(k). By least squares, the modeled ACF R(k) is obtained below
which is shown in Fig. 1 (d) . Fig. 1 (e) shows the fitting result. With (3), the mean square error M 2 (R) equals to 6.484 * 10 −5 and it implies that (3) satisfactorily fits its target. The results for other three traces are listed in Table  1 . 
Conclusions and remarks:
The ACF of a TI sequence is one of the features of the traffic. The experimental results show that the correlation form presented satisfactorily fits the ACFs of the TI sequences investigated. It is known that a process is of long-range dependence if its ACF is nonsummable. As the ACFs of four TI sequences are obviously nonsummable, the long-range dependence of the TI sequences on Ethernet is observed. In fact, the function R(k) in (2) is nonsummable if 0 < β < 1 or L ≠ 0 and m < ∞.
